ABSTRACT
INTRODUCTION
Monochorionic diamniotic twin pregnancies have a higher risk of fetal demise, very preterm birth and growth restriction than their dichorionic counterparts 1, 2 . Vascular anastomoses between the fetal circulations and unequal division of the common placenta largely account for this increased risk 3 . The type of cord insertion in the placenta may be an additional risk factor for adverse outcome. Velamentous cord insertion is more common in monochorionic than in dichorionic pregnancy and is associated with unequal sharing, birth-weight discordance and fetal demise [4] [5] [6] . However, most studies have focused on the presence of one aberrant cord insertion without taking into account the type of the other twin's insertion. Moreover, all previous studies used postnatal placental examination for the assessment of insertion site. These postnatal cohorts carry an inherent selection bias towards pregnancies with two surviving babies, as early loss or single demise precludes the accurate ascertainment of placental characteristics, and these placentas are therefore usually excluded 7, 8 .
The objective of this study was to evaluate the association between cord insertion site, as defined prenatally on early ultrasound examination, and the risk of adverse outcome, defined as fetal or neonatal loss or birth prior to 32 weeks, twin-to-twin transfusion syndrome (TTTS) and discordant growth. We further aimed to determine if these outcomes are best predicted by the degree of discordance in insertion sites or rather by velamentous insertion of one or both twins.
METHODS
This was a retrospective cohort study of data obtained at the University Hospitals of Leuven between January 2002 and January 2016. This type of study does not require ethics committee approval at our institution. The cohort consisted of all ongoing monochorionic diamniotic twin pregnancies referred for follow-up at our center between 11 and 14 weeks. Follow-up visits were scheduled at the study center at 16, 20 and 26 weeks of gestation. In addition, patients were instructed to have sonographic assessment at least every 2 weeks, either at the University Hospitals of Leuven or by the referring clinician to detect TTTS in a timely manner, as recommended by current guidelines 9 . Patients who were referred specifically to our center for invasive testing or because of an anomaly were not included. Patients were excluded from the study if a major congenital anomaly was diagnosed at the first trimester ultrasound examination. Part of this cohort was included in earlier publications [10] [11] [12] [13] [14] [15] [16] [17] .
In spontaneously conceived pregnancies, gestational age (GA) was determined by measurement of crown-rump length (CRL) of the larger twin 9 . In pregnancies resulting from in-vitro fertilization, GA was defined using the date of conception in fresh cycles or embryonic age in freeze-thaw cycles.
Fetal growth and cord insertion sites in the placenta were documented at each ultrasound examination. Reporting on cord insertion sites in early pregnancy is standard practice at our center for all twin pregnancies and is part of the labeling of twins for longitudinal follow-up. For this study, data were collected on cord insertion site at the time of the 16-week assessment. If the insertion sites were not recorded at 16 weeks, we used the insertion sites as documented in the first trimester ultrasound examination report. The 16-week assessment was chosen primarily to be looked at, because cord insertions are assessed more readily at 16 weeks. In the first trimester, the uterus is still small and it may be difficult to differentiate velamentous from a marginal cord insertion. We did not include data from the 20-week assessment as TTTS cases may be missed due to single demise or miscarriage prior to 20 weeks. We classified the insertion sites as normal (central or eccentric), marginal (on the placental edge) or velamentous (separate from the placental disc on the fetal membranes) 15 . The patients were classified into three groups of increasing discordance between the cord insertion sites: concordant (normal-normal; marginal-marginal; velamentous-velamentous), intermediate (normal-marginal; marginal-velamentous) or discordant (normal-velamentous).
Outcome data were collected after birth. This information was obtained from both obstetric and neonatal records from the hospital at which the patient gave birth. GA at birth, birth weight, antepartum or intrapartum fetal loss, and neonatal death within 28 days were recorded, as well as the occurrence of TTTS.
Adverse outcome was defined as fetal or neonatal loss or birth prior to 32 weeks. TTTS was defined as a combination of oliguric oligohydramnios in one twin with deepest vertical pool (DVP) < 2 cm and polyuric polyhydramnios in the other twin (DVP ≥ 8 cm before 20 weeks, DVP ≥ 10 cm from 20 weeks onwards) 18 . Discordant growth was defined as a difference in birth weight (BW) of ≥ 25% in cases with two live births, calculated using the following formula: ((BW larger twin − BW smaller twin ) / BW larger twin ) × 100% as described by Hartley et al. 19 . Cases complicated by fetal demise were classified as having discordant growth if there was discordance of ≥ 20% in estimated fetal weight on the last ultrasound examination prior to demise 10 . If demise occurred between the first trimester and 16 weeks, a difference of ≥ 10% in CRL was used to define discordant growth 20 . The treatment of choice for TTTS was laser coagulation of placental anastomoses 18 . In our unit, selective reduction by either cord occlusion or radiofrequency ablation is offered in cases with a discordant anomaly, in cases with discordant growth and imminent demise of the growth-restricted twin in the previable period, and in selected cases of TTTS. Patients with discordant growth and abnormal umbilical artery Doppler receive intensive follow-up ultrasound examinations and are admitted at 28 weeks of gestation. They receive corticosteroids for lung maturation and undergo ultrasound examinations twice a week and daily non-stress testing. Elective delivery is scheduled for between 32 and 33 weeks 21, 22 .
We examined the relationships of adverse outcome, TTTS and discordant growth with the following predictors: the three groups of increasing discordance in insertion sites, and the presence of a velamentous insertion in one or both twins. Predictors were first assessed in a univariate logistic regression model. A chi-square test for trend was used to test for a linear trend in the odds. Significant predictors were then further evaluated in a multivariate logistic regression model. Sensitivity and specificity and positive and negative predictive values were calculated for independent predictors in the multivariate analysis. All analyses were performed using STATA 13.1 (StataCorp 2013 Stata Statistical Software: Release 13, StataCorp LP, College Station, TX, USA). A two-sided P-value of < 0.05 was considered significant. We repeated all analyses after excluding the cases for which umbilical cords were labeled only at 12 weeks' gestation, i.e. including only those labeled at 16 weeks.
RESULTS
There were 559 monochorionic diamniotic twin pregnancies eligible for inclusion. Seven patients were excluded due to a major congenital anomaly diagnosed at the first trimester ultrasound examination (anencephaly (n = 2), tetralogy of Fallot (n = 2), caudal regression syndrome (n = 1), hypoplastic left heart syndrome (n = 1) and multiple anomalies (n = 1), which turned out to be a mosaic triploidy). One patient was lost to follow-up after the first trimester examination and sonographic information on insertion sites was missing in 33 pregnancies (6%), so 518 cases were included in the analysis. For 468 patients (90%), cord insertion sites were registered at the time of the 16-week assessment (mean GA 16.4 ± 0.8 weeks). For the remaining 50 (10%) patients, this information was retrieved from the first-trimester ultrasound examination (mean GA 12.6 ± 0.6 weeks). Clinical and placental characteristics are shown in Table 1 . The results of the uni-and multivariate analyses are shown in Table 2 . Discordant cord insertion increased the risk of adverse outcome, TTTS and discordant growth. Intermediate insertion also increased the risk of discordant growth but not of adverse outcome and TTTS. The score test for trend of odds showed increasing risks of adverse outcome (P = 0.001), TTTS (P = 0.019) and discordant growth (P < 0.001) with increasing discordance between the insertion sites. Velamentous cord insertion of one twin was also associated with a higher risk of adverse outcome, TTTS and discordant growth. Velamentous cord insertion of both twins was associated with a higher risk of adverse outcome and TTTS, but not of discordant growth.
Multivariate logistic regression analysis showed that velamentous cord insertion of one or of both twins independently predicts adverse outcome and TTTS. For discordant growth, both intermediate/discordant and velamentous cord insertion of one twin were independent predictors.
Of the 21 cases with velamentous cord insertion in one twin that subsequently developed TTTS, we were able to identify the donor and recipient cord in 20. In 16 of 20 (80%) cases, the velamentous insertion belonged to the donor twin. There were 31 cases of discordant growth associated with intermediate umbilical cord insertions and 22 cases with discordant insertions. We were able to identify the insertion of the smaller and larger twins in 49 of these 53 cases. The more central cord belonged to the larger twin in 48 of 49 (98%) cases. Table 3 presents a summary of sensitivity, specificity and positive and negative predictive values of the independent predictors for each outcome. Results of the analyses including only the cases with cord insertion site labeled at 16 weeks are presented in Tables S1-S3 . These results are similar to those of the analyses of the entire cohort.
DISCUSSION
In this antenatal series, we demonstrated that velamentous cord insertion in one or both twins increases the risk of adverse pregnancy outcome and TTTS, irrespective of discordance in insertion sites. For the risk of discordant growth, both discordance in insertion sites and the presence of one velamentous cord insertion are independent predictors. This is the first antenatal study to examine the relationship between cord insertion site and outcome in monochorionic twin pregnancies.
To date, only postnatal placental studies have looked at the relationship between cord insertion site and outcome of monochorionic twin pregnancy. For TTTS, these reports show conflicting results. Three studies reported that TTTS occurred more frequently in pregnancies with velamentous insertion [23] [24] [25] , whereas seven others could not establish such a link 5, 8, [26] [27] [28] [29] [30] . A likely explanation for the negative findings in most postnatal placental series is the selection bias towards pregnancies with two surviving infants. This is especially relevant for TTTS, in which only about one in four pregnancies results in the survival of both twins 16 . In our series, all TTTS cases remained in the analysis, precluding such selection bias. Our data clearly show an increased risk of TTTS in cases of velamentous insertion. This is an interesting finding from a pathophysiologic perspective. As suggested earlier, in velamentous insertion, the cord is more prone to compression, which may reduce blood flow and lead to hemodynamic instability 23 . Additionally, our data show that velamentous insertion increases the risk of demise and very preterm birth. The fact that the same variable predicts both TTTS and adverse outcome is probably because TTTS is the main cause of adverse outcome 16 . Although velamentous insertion increases the risk of TTTS and adverse outcome, it is not a useful screening test, as it will detect only one out of three pregnancies that eventually develop TTTS or adverse outcome (Table 3) .
The link between discordant growth and velamentous or discordant insertion sites is less controversial and has been documented consistently in all previous postnatal placental studies 5, 7, 8, 27, 31 ; our findings are in accordance with this. Since most cases with discordant growth result in two surviving infants 16 , selection bias in placental studies is less important. Additionally, we showed that both discordant and velamentous insertion of one twin influences the risk of discordant growth. Indeed, if one twin has velamentous insertion, then the risk of discordant growth will be lower if the other twin has velamentous or marginal insertion than when its cord inserts centrally or eccentrically in the placenta. As such, the insertion site may be used as a surrogate for placental sharing, as usually the twin with the most marginal cord insertion has the smallest placental share. Although these findings are interesting from a pathophysiologic perspective, velamentous insertion does not accurately predict discordant growth, as it identifies only one out of three affected pregnancies. Discordant/intermediate insertion is not a useful screening test either. Although it will detect about 70% of pregnancies with discordant growth, the false-positive rate is 50% (Table 3) .
The strength of this study is the inclusion of a consecutive series of monochorionic pregnancies referred in the first trimester for routine follow-up. As such, we believe our conclusions are representative of an unselected monochorionic diamniotic twin population. A limitation of our series is that we did not ascertain cord insertion sites after birth. Yet, information on the postnatal placental examination would only be available after birth and therefore not be useful to predict outcome. Another limitation of our series is that, in about 10% of cases, the cords were labeled in the first trimester. There is some controversy over whether or not cord insertion site can be determined reliably in the first trimester as the uterus is still small and it may be difficult to differentiate velamentous from marginal cord insertion. However, there is some evidence that cord insertion site can be determined reliably both on the first-and second/third-trimester ultrasound examinations 32, 33 . When a secondary analysis was performed including only the cases assessed at 16 weeks, the results did not change. Therefore, we conclude that our original study design is valid. Another drawback is the retrospective nature of this series; in 6% of cases, insertion sites were not recorded in early pregnancy.
In conclusion, our findings show that velamentous cord insertion in one or both twins increases the risk of adverse outcome and TTTS, irrespective of discordance in insertion sites. On the other hand, discordant growth is predicted by both velamentous cord insertion in one twin and discordance between insertion sites. Our findings are relevant from a pathophysiologic perspective. Given the low accuracy, it is not useful to determine the insertion sites on an early ultrasound examination to predict adverse outcome, TTTS or discordant growth in monochorionic twin pregnancy.
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